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Photometric Sttldy of Eluorescence of Iodlne Vapour. 531 

this, on lighting the burner a flame of a most astonishing 
brilliancy is at once formed. So rapid is the evaporation 
o[ the chloride that clouds of smoke rise from the flare% 
and the intensity, while at its maximmn, appears to be as 
great as that of the oxy-hydrogen sodimn flame, which is 
much more difficult to manage. The simplicity of this 
method makes it immediately available in any laboratory. 
The function of the scrap of mantle is oE course to spread 
the material over a large surface of very small heat capacity, 
so that it can be brought to the temperature of the hottest 
part of the flame. The be,d melts and the mantle acts like 
the wick of a ]amp. 

LXII .  A Photometric 5'tt.tv of the 1r of Iodine 
Vapo~tr. B?/R.  W. WOOD and W. 1 ). SPEAS *. 

r | ~ H E  reduction in the intensity of the fluorescence of 
1 iodine vapour caused by the admixture of air or other 

foreign gas w~ls studied by one ot~ the present writers a 
nmnber of years ago (Wood, ]~hil. Mag. xxi. p. 309, 1911) ; 
�9 rod subseqt'mntly Wood and Fi-anek (Phil. Mag. xxi. p. 314, 
1911) discovered that the gases which were strongly electro- 
negative were the most effective in reducing the intensity of 
the fluorescence. Of all the gases studied the least effective 
was helimn, the 5ntensity of the fluorescence of the iodine 
vapour, when mixed with helium, even at two or three centi- 
metres' pressure, being ahnost as great as in vacuo. The 
colour of the fluorescent light was changed, however, from 
yellowish-green to orange-red by the presence of the helium ; 
and the curves obtained showed that this resulted from the 
circmnstance that the helium reduced the intensity of the 
radiations of shorter wave-length in the fluorescent spectrum 
to a greater degree than the less refrangible radiations. The 
extensive investigations of the remarkable resonance spectra 
emitted by the wipour when excited by monochromatic light, 
which have been carried on during the past two years by one 
of us, made a further photometric study desirable; for it 
appeared probable that careful determinations of the variation 
of the intensity of the radiations with the density of the 
iodine wlpour would throw some light upon certain obscure 
points : for example, the circumstance that the faint band- 
spectrum which accompanies the resonance spectrum is 
more strongly developed when the iodine vapour is at very 

Communicated by the Authors. 
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532 Prof. Wood and Mr. Speas : A Photomet~,ic 

low density, the tube being cooled by ice. MSreover, it is 
of considerable interest to determine to what extent the 
]mninosity of an iodine molecule is diminist,ed by the 
proximity of other iodine molecules; in odmr words, to 
determine the effect of iodine vapour at different pressures 
upon the intensity of the iodine fluorescence, for comt~arisorI 
with the effects of the various other gases determined in the 
earlier work. 

In the present case, however, the matter is complicated by 
the circumstance that an increase of pressure increases the 
number of fluorescing molecules. 

I t  has been found possible, however, to allow for this 
circumstance and construct a curve showing the destructive 
action of iodine vapour upon the fluorescence of iodine 
vapour, precisely analogous to the curves constructed for 
helimn, argon, nitrogen, hydrogen, &c. in the earlier 
investigation. 

The iodine vapour was contained in an exhausted glass 
tube of the same form as those used in the study of the 
resonance spectra. The image of a quartz mercury arc 
formed along the axis of the tube by a large condenser 
excited a fluorescence of ver] constant intensity, which was 
measured by a photometer viewing the fluorescent vapour 
column " end-on." 

The photometer was of the same type as that used in the 
earlier work, the comparison source being a white screen 
illuminated by the light of a Welsbach mantle passed through 
suitable filters for the purpose of matching the yellowish- 
green colour of the fluorescence. The temperature of the 
tube was raised by a water-bath, or lowered by the immersion 
of a small lateral tube in a bath of alcohol contained in a 
small Dewar cup and cooled to any desired temperature by 
file addition of liquid ~ir. The density of the iodine vapour 
is determined by the temperature of i~he coldest part of the 
system, so that when working below room-temperature it 
was necessary to vary only the temperature of the small 
lateral tube. 

I t  was found that a measurable fluorescence was obtained 
even with a density corresponding to --30 ~ C. It  was im- 
possible, however, to obtain an absolutely black background, 
even with the end of the tube painted black for a distance 
of 10 cm. To determine the small amount of diffused and 
reflected light sent out by the background, it was only 
necessary to immerse the lateral tube in liquid air, which 
removed every trace of iodine vapour from the observation 
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Stud S of the ~'tuorescenee of Iodine Vapour. 533 

tube, and measure the intensity of the very feeble illmni- 
nation of the background. This constant quantity was 
subtracted in each case from the measured intensity of the 
fluorescence. 

When working above room-temperature, the entire tube 
was immersed in a rectangular glass tank filled with distilled 
water at the desired temperature. 

The variation of the intensity of the fluorescence as a 
~tmction of temperature is shown by curve A, fig. 1, 

Fig. 1. 

1.7 
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ordinates representing intensities and abscissae temperatures. 
It  is to be understood, of course, that the alteration of the 
temperature influences the intensity of the fluorescence only 
by changing the vapour-density. 

The variation of the density of the iodine vapour with the 
temperature is shown by curve B, the pressures in millimetres 
of mercury (ordinates) being indicated to the left o~ the 
curve. This curve was plotted from the values obtained by 
Baxter, Hiekey, and Hohnes (J. American Chemical See. 
xxix. p. 127, Feb. 1907) between 0 ~ C. and 55 ~ C. They 
give no values below 0 ~ though a faint fluorescence can he 
observed at --30 ~ to which point I have carried the curve 
by rough exterpolation. 
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534 Prof. Wood a~d Mr. Speas : A Photometric 

The intensity curve A is remarkably symmetrical, with its 
maximum at 200-25 ~ . As we increase the temperature from 
--30 ~ to 0 ~ the intensity increases, probably very nearly in 
proportion to the increase in pressure, since at these very 
small densities the intensity of the radiation given out by a 
molecule is not diminished ~)y the presence of its neighbours. 
Above 0 ~ however, the increase is no longer proportional to 
the increase in the number of molecules, since the vapour 
begins to destroy its own fluorescence in the same way as 
would another gas~ such as nitrogen or carbonic acid, only 
to a very much greater degree. For example, at a pressure 
of "05 ram. (at 5 ~ C.) the intensity is 33, while at a pressure 
of 0"i ram. (at 11 ~ C.) the intensity is but 46, instead of" 66, 
which is the value which we should expect if there were no 
interaction between the molecules. Between 17 ~ and 25 ~ , 
though the number of molecules more than doubles, there is 
no increase in the intensity, the increase in the number of 
radiating molecules being ahnost exactly compensated by 
diminution in the intensity of the radiation from each one 
which results from the presence of its neighbours. Above 25 ~ 
the reduction of intensity preponderates, and the curve falls 
rapidly. 

If  we plot the intensities (ordinates) against pressures 
(abscissa) we obtain curve C (dotted), the pressures 
(abscissae) being recorded along the curve. This curve gives 
us a better idea of the phenomenon than curve A, since in 
this case the intensities are plotted directly against the 
changes in the physical state which influences the radiation. 
This curve shows us, however, only the change in the 
intensity of the total radiation emitted by all the molecules 
with increase of pressure. 

In view of the previous work, in which the diminution in 
the intensity of the radiation from a constant number of 
iodine molecules resulting from the presence of foreign 
molecules was investigatdd, it is of great interest to determine 
to what extent the radiation from a given g+'ovp of iodine 
nwlecules is dimimshed by interpolating other molecules of the 
.~ame kind, or, in other words, the effect of iodine vapour i~ 
reducing its own fluorescence as compared with the effec~ of 
other gases. 

This can be done ver~ easily by Coulbining the values 
shown by curves A and t~ in the following way. 

At a temperature o[ 0 ~ the pressure is "03 mm. and the 
intensity of the fluorescence is 24. We wish now to deter- 
mine the intensity of the radiation of this same group of 
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Stud S of the t, luoreseence of Iodine Vapour. 535 

molecules, when an equal number of similar molecules has 
been interpolated. We raise the temperature to 7 ~ the 
pressure doubles ('06 mm.), and the intensity increases to 36. 
We have, however, measured the radiation from all of the 
molecules, and we are concerned only with that which is 
emitted by the original group, which contributes one half of 
the measured, intensity. ; consequently, we must divide the. 36 
by 2, which gives us 18. The intensity of the radiatlou of 
the group has been reduced from 24 to 18 by an increme~t 
of pressure equal to '03 ram. 

At a temperaiure of 11 ~ the pressure is "09 mm. and the 
intensity is 47, one third of which, or 15"7. is contributed by 
the original g roup;  consequently the intensity is reduced 
from 24: to 15"7 by a pressure increment o~ "06 mm. 

We can in this way construct a curve showing the decrease 
in intensity resulting from the interaction between tha 
molecules. 

I t  is to be noted, however, tlmt we must choose, for th~ 
original group, a mass of vapour at a pressure below that at 
which the action of one molecule upon the radiation from a 
neighbouring one is appreciable. 

I f  we take as our starting-point the intensity 12, at 
pressure of "015 ram. we find that at "03 ram. the intensity 
is 24:  one half of this is 12, our original value-- in other 
words, no reduction in intensit S has resulted fi'om an incre- 
ment of pressure of "015 ram. At "045 mm. the intensity is 
30, one third of which is 10, a slight reduction having 
occurred. 

In this way curve D was colnputed, the values calculated 
being multiplied by 81-:r so as to make the intensity of the 
radiation from the vapour at the lowest pressure equal to 100. 
This curve shows us the extraordinary effect of iodine vapom- 
upon its own fluorescence, the vapour at 1 ram. pressure 
reducing the intensity fi'om 100 to 5. 

I t  is interesting to compare the action of iodine vapour 
with that of the gases and vapours studied in the earlier 
work. In these other cases a constant temperature was 
employed, with the result that the iodine vapour density 
remained unchanged, and the intensity of the fluorescence 
was measured when various gases at different pressures were 
introduced into the bulb. 

The intensity is reduced from 100 to 19 by hydrogen at 
24 ram., by air at 11 ram., by CO: at 7 mm., by ether vapour 
at 3 ram., by chloride of iodine at 1"8 mm., and b~ iodine 
vapour a~ a pressure of only 0"4 ram. 
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536 Prof. Wood and Mr. Speas : A Photometric 

It is probable that chlorine would be still more effective 
than iodin% as it is more strongly electro-negative. The 
value given above for chloride of iodine is the value given 
i,n the earlier paper for chlorine, the fact having been over- 
looked that the vapours unite to form the compom,d when 
mixed. There was always an excess of iodine in the bulb, 
so that there is little doubt but that the correct interpretation 
~)f the experiment is to consider the active vapour iodine 
chloride instead of iodine. 

Bromine vapour is more electro-negative than iodine, and 
though it has an absorption spectrum similar to that of 
iodine, its action in destroying its own fluorescence is so 
powerful that it is only possible to observe fluorescence a~ 
pressures probably in the vicinity of "001 ram., the intensity 
then being so small that it is only with difficulty that the 
phenomenon can be detected. Sunlight must be focussed at 
the centre of the exhausted bulb, and the bromine vapour 
condensed by ~Tplying solid CO~ to the exterior : just before 
~he last trace of vapour is condensed, there is a very feeble 
green fluorescence, of about the intensity of that shown by 
iodine vapour at - 3 0  ~ 

The results obtained with iodine vapour at v'trying 
pressure emphasizes the following general slatement made 
]u the earlier p;,per : -  

" In  order to obtain a visible fluorescence we must have 
a sufficient nmnber of molecules present: their number 
must not, however, be so great as to cause them to disturb 
each other. The pressure at which maximum fluorescence 
occurs depends upon the electrical character of the molecule." 

Absorption of the Fluorescent Ligllt by Iodi~te Val,o~'. 

It  is obvious that, for a correct interpretation of the 
~'esults found with the photometer, determinations of the 
~bsorbing power of the vapour for the fluorescent light must 
t)e made, since in all of the experiments the fluorescent light 
is obliged to traverse a greater or less alnount of absorbing 
~'apour. 

The co!our of the fluorescent light is distinctly red with 
dense vapour, orange-yellow at room-temperature, and yellow 
with a suggestion of green at the lowest temperatures. 
While this change is due in part to absorption of the green 
portion of the spectrum of the emitted light, there is un- 
doubtedly another factor at work. In the earlier investiga- 
tion it was found that the colour was changed very markedly 
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Study of t]w _Fluorescence of Iodine Vapour. 537 

to red by the admixture of helium with a constant amount of 
iodine vapour, the same effect being observed in decreasing 
degrees with argon, hydrogen, and nitrogen. No change of 
colour was, however, observed when the intensity was reduced 
by chlorine. Tile suggestion was made that a foreign gas 
reduced the intensity or" the fluorescence in two ways--by its 
electro-negative quality (the reduction in this case being 
unaccompanied by change of colour), and by collisions, which 
reduced the intensity of the short waves more than that of 
the long. I t  is quite possible that the collisions weaken what 
have been termed the resonance radiation lines more than 
the lines of increased wave-length. 

In the case of the weakening of intensity by iodine vapour, 
the change of colour is probably largely due to absorption, 
since measurements showed that the fluorescent light was 
more strongly absorbed by iodine vapour than light of the 
same colour obtained by filtering the light of the Welsbach 
light through suitable colour-filters. This results from the 
circumstance that the fluorescent spectrum is discontinuous, 
some of its lines coinciding with absorption-lines. If the 
two fields of the photometer were matched, one being illumi- 
nated with the fluorescent light, ~he other with the filtered 
white light, the balance was destroyed if a bulb contalning 
iodine vapour was held between the eye and the photometer. 
Measurements were also made by restricting the length of 
the illuminated colmnn oF iodine vapour by means of screens, 
illuminating first the end of the tube farthest from the 
photometer, and then the nearer end. 

The actual intensity of the fluorescence was the same in 
the two cases, but in the former, owing to the greater 
thickness of the layer of iodine vapour traversed by the 
emitted light, the measured intensity was less. 

Th~ results indicated that the portions of the illuminate(1 
column nearest the photometer contributed more to the 
intensity than the portions farther away. 

I t  was found that the absorption was much stronger for 
the fluorescence of the vapour at 0 ~ than at room-temperature, 
amounting to 43 per cent. in the former case and 29 per cent. 
in the latter, for a layer of iodine vapour at 23 ~ 14 cm. il~ 
thickr~ess. The absorption was brought about by inserting 
an exhausted bulb, 14 cm. in dia,neter, containing iodine 
crystals, between the fluorescent tube and the photometer. 
Instead of removing the bu]b, to determine the intensity 
without absorption, the iodine vapour was condensed by the 
application of cotton wet with liquid air. In this way 
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538 Geological ,Society : ~  

the loss due to reflexion by the walls of the bulb was 
eliminated. 

The effec~ of absorption will be to cause a decrease in the 
intensi ty of the fluorescence with increasing wq)our-density. 
"rhe effect is somewhat complicated by the circumstance that  
the green portion el  the spectrum is more strongly absorbed 
than the red. This will cause a change iu the colour of the 
fluorescence, apart from the cause already lnentioned, namely 
collisions with other molecules. The intensity curve con- 
.~equently fldls more rapidly than it would if absorption were 
absent. I t  is not very easy to correct for absorption, since 
Zhe light from each element of fhe column el vapour illmni- 
nated is obliged to traverse a different thickness ot' vapour. 

The chief cause of the diminution of intensity is the mutual 
action between the molecules. There is no trace whatever 
,of superficial fluorescence, or a glowing el a thin layer of the 
vapour in contact with the wall. This would be practically 
~minfluenced by absorption. I t  is present in a very marked 
degree with mercury vapour, both tbr the visible fltiorescence, 
�9 obtained by illmninating the dense vapour contained in a 
heated quartz bulb with the light ot' the spark, and the ultra- 
~r resonance radiation, stimulated at pressures below 1 ram. 
by the 2536 line of the mercury arc: as has been shown 
Tecently by one of the writers. 

. . . . .  : : - = . - - - ' :  _ ~ - ~  - - ~  7 _ _  ~ _  - ~  - - . -  . . . . . .  z _ - -  _ ~ _ ~ k ~ _  . .  ~ . ~  . . . . .  ~ _  

L X I I I .  Proceedb~gs of Learned Societies. 

GEOLOGIC&L SOCIETY. 

[Continued from p. 224.] 

January 7th, 1914.--Dr. Aubroy Strahan, F.R.S., 1)resident, 
in the Chair. 

T IIE following communications were read :-- 
1. ' The Ordovician and Silurian Rocks of the Lough Nafooey 

Area (County Galway).' By Charles Irving Gardiner, M.A., 
F.G.S., and Sidney Hugh Reynolds, M.A., F.G.S., Professor of 
~-eology in the University of Bristol. 

The Lough :Nafooey area is a direct continuation of the Kilbride 
~rea (described in 1912), from which it is separated by the Finny 
River. I t  forms a ridge about 4 miles long, which reaches its 
highest point (1678 feet) at Curraghrevagh Mountain, and slopes 
:steeply down to Lough l~afooey on the neigh, and more gradually 
to Glen Tl~gue on the south. 
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